The identification of neurotropic viruses may be obtained by determination of the host range. In some instances at least, the results will give a due to the identity of the agents. Frequently, however, final identification can be attained only by means of serologic tests. Here the neutralization and crossprotection tests have continued to be a mainstay, although in recent years the complement-fixation and the hemagglutination-inhibition tests have proved to be of definite value and have greatly facilitated investigative and diagnostic work.
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With respect to poliomyelitis viruses only the more "classical" procedures, determination of host range and the use of neutralization and cross-protection tests, have been employed with success. These methods are always costly in time and materials and the need for other less elaborate tests is obvious. Attempts have been made in this direction. Loring et al. (1) stated that complement fixation could be observed and Roberts (2) outlined a complicated flocculation test. The value of these reports has not yet been established by other workers. 1 Prom the Poliomyelitis Laboratory, Department of Epidemiology, Johns Hopkins University, Baltimore.
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Recently, Casals, Olitsky, and Anslow (3) have reported on complement fixation when MEF X infected infant mouse brains were used as antigen. They obtained specific reactions with hyperimmune and with convalescent sera.
The present study is concerned chiefly with the Lansing strain of poliomyelitis virus (type 2) and the preparation of a suitable antigen from the infected brains of baby cotton rats. It will be demonstrated that the antigen obtained fixes complement in the presence of specific hyperimmune sera and that the titers exceed those for most of the neurotropic viruses. The complement-fixation test described seems also to be of value in the testing of human sera for antibodies against the Lansing strain.
MATERIALS AND METHODS
0.85 per cent saline served as a diluent for the reagents used in the complementfixation test. However, in some experiments there was employed as a diluent veronal bicarbonate buffer containing 0.00015 M BaCl 2 and 0.0005 MgCl 2 (4). If not otherwise stated, the diluent was 0.85 per cent NaCl solution.
Sheep cells were preserved in modified Alsever's solution (5) . A portion of the mixture was removed daily with aseptic precautions, washed at least 4 times, and made up as a 1 per cent suspension.
Complement, usually pooled from 3 to 4 guinea-pig sera, was stored in sealed ampules and frozen in solid CO 2 Sera. Several immune sera and control sera from cotton rats and monkeys were tested for their complement-fixing ability. Cotton rat immune sera were prepared by immunization with cotton rat propagated Lansing virus. A 20 per cent suspension in distilled water was mixed with an equal amount of a mixture of 1 volume of Arlacel A, and 3 volumes of Bayol F (6). Two ml of this preparation were injected intramuscularly once a week for 3 weeks and sera were obtained 9 and 15 days after the last injection. Control sera were prepared by employing the same procedure but using normal cotton rat brain instead of virus infected tissue. Four pools of cotton rat immune serum and two pools of control serum were tested.
Sera from 4 monkeys immunized with the Lansing strain were tested. The vaccination experience of these 4 individuals (C-991, C-993, C-996, C-998) has been reported in two papers by Morgan (7, 8) . Control sera, i.e., 3 normal monkey sera and 2 Brunhilde immune sera (type 1), were included in the experiments to test the specificity of the Lansing antigen described below. It should be pointed out that the animalhyperimmune sera were prepared with homologous tissue in order to prevent the formation of organ-and speciesspecific antibodies.
Human sera from 5 children and 9 adults were also available. They were kept frozen at -70 C until used.
Virus. The Lansing strain was originally obtained from Dr. Armstrong, National Institutes of Health, Bethesda, Md., and had received 200 passages through mice. It had several passages in mice and two in cotton rats in this laboratory. Subsequent passage was carried out in baby cotton rats, 1 to 4 days old, which were injected intracerebrally with a 20 per cent suspension of Lansing infected adult cotton rat brain tissue in distilled water. Since a suitable antigen was obtained from the first passage in baby rats, no particular effort was made to secure further adaptation. Nevertheless, serial passages were carried out and most of the experiments were done with the sixth to thirteenth generations. Titration of a pool representing the seventh generation gave an LD B0 of lO^-1 in groups of 10 baby cotton rats. The titer of this same pool was 10~5-4 in adult rats. The brains were removed from exsanguinated rats shortly after the appearance of signs indicating infection of the central nervous system. The spinal cords were not used. The brains were stored at -70 C until used. Approximately 85 per cent of the rats came down after a 2-day incubation period; a few showed paralysis after 3 and 4 days. Only exceptionally did the incubation period exceed 5 days. The brains included in the material for the preparation of the antigen were from baby rats developing paralysis after a 2-to-3-day incubation period.
Preparation of antigen. The method employed for preparation of the antigen was based upon Casals' procedure (9) . The use of acetone and ether for the removal of lipids in blood serum has been previously described by Blix (10) who extracted serum repeatedly with acetone, acetone-ether and ether, and ended up with a preparation in which all of the cholesterols and most of the phospholipids were removed. All of the manipulations were carried out in the cold. Casals, working with mouse-brain tissue, introduced some modifications. The procedure is briefly as follows: Wet emulsified brain material is extracted twice with acetone, then with acetoneether and finally twice with anhydrous ether. The volume of acetone or ether employed is 20 times the initial weight of the wet brain tissue. The extractions are carried out in an ice bath. After the last extraction the sediment is dried in vacuo; the fine powder obtained is resuspended in physiological saline solution and kept overnight at 4 C followed by centrifugation at 10,000 r.p.m. for 1 hour. The supernate constitutes the antigen. The antigen from baby cotton rat brain was made by essentially the same procedure. However, the final dried powder was not shaken with saline, but ground very carefully in a mortar with the saline solution in proportion of 1 part of diluent to 1 part of wet weight of brain tissue. The suspension was kept overnight at 4 C followed by centrifugation in the cold at 10,000 r.p.m. for 1 hour. The supernate representing the antigen was then transferred to glass ampules and kept sealed at -70 C until used in the tests. The sediment obtained after centrifugation was subjected to a second extraction by mixing it in a syringe with the same volume of saline as used for the first extraction. Otherwise the procedure was the same.
Although the precise nature of the antigen is unknown, it obviously contained less lipids and proportionately more proteins as compared with the nonextracted brain tissue. So far, no attempts have been made to determine the lipid and protein content of the antigen.
Anticomplementary action. Numerous titrations of the complementary ac- tion of the acetone-ether extracted antigens have been carried out under test conditions, i.e., incubation of the mixture of antigen and complement for 16 hours at 4 C and then one-half hour at room temperature (23 C). Under no circumstances did we observe any anticomplementary action when 85 per cent NaCl served as the diluent. On the contrary, the antigens as a rule enhanced the titer of the complement. Table 1 shows the results of the titrations of complement in different tests, in the presence of saline and of veronal-biearbonate buffer containing CaCl 2 and Mg Cl 2 . Under these latter conditions the antigen was slightly anticomplementary. This somewhat surprising observation will be discussed later. Two units (100 per cent) were used in the complement-fixation tests.
Procedure for the complement-fixation test. The sera were inactivated at 56 C for 30 minutes or at 60 C for 3 minutes. Serial 2-or 4-fold dilutions were made in saline, 0.2 ml in each tube. Then 0.1 ml of antigen and, finally, 2 units of complement in 0.2 ml of saline were added. After shaking, the mixtures of serum, antigen, and complement were incubated overnight at 4 C. Following further incubation for one-half hour at room temperature, the hemolytic system was added. The hemolytic system consisted of 2 units of hemolysin in 0.2 ml of saline and 0.2 ml of a 1 per cent suspension of sheep red cells. Actually, equal volumes of hemolysin and red blood cell suspension were mixed 15 minutes before adding 0.4 ml of the mixture to each tube. The tubes were then incubated at 37 C for one-half hour and read. The end point or titer of the serum was taken as the smallest amount of serum which gave a 2+ or better reaction with an optimal amount of antigen. A 2+ reaction corresponded approximately to 50 per cent hemolysis of the sheep cells. The serum titers and also the dilutions of all other reagents are expressed as the dilution in the 0.2-ml unit.
Neutralization tests. Titration of virus and serum neutralization tests were performed according to methods usually employed in this laboratory. For the latter, dilutions of serum were made in saline and to each (0.2 ml) was added an equal volume of the virus dilution. The final dilution of virus contained 32 LD 50 . Fifty per cent serum-neutralization end points were calculated by the method of Reed and Muench. More detailed information on the procedure will be found in a paper by Bell (11) . However, a great many of the sera were titrated on separate occasions some months or even years before the actual experiments on the complement-fixation test were started. Variations in the performance of the neutralization tests occur, and these are noted in the text.
RESULTS
Experimental data on the antigen. As mentioned above, the antigen was obtained by extracting the acetoneether treated brain material with 0.85 per cent NaCl solution. Following centrifugation a second and third extraction of the sediment was made with saline. Thus, as shown in table 2, suitable antigens were obtained. As a matter of fact, the antigen prepared by the second extraction combined with antiserum in higher dilutions than the first extraction antigen. In the actual complement-fixation tests, the first and second saline extracts were employed. The third extraction usually turned out to be a weaker antigen. It should be mentioned that the titers of both antigen and serum depended on their dilu- tions. This observation confirms that of Espana and Hammon (12) and of Casals (9) . Thus, if a checkerboard titration (also called a "box" titration) was made, the results, as a rule, were found as given in table 3. Here, the titer of the serum, Lansing 8, first NaCl extraction, varied from 1 in 256 to 1 in 512, depending on the dilution of antigen. Conversely, the titer of the antigen was 1 in 4 when a l-in-4 serum dilution was used and 1 in 16 when a higher dilution of serum was employed. In order to secure the highest titer of a serum, an optimal dilution of antigen is required. This was taken as the maximum concentration of antigen which caused the fixation of complement with the smallest amount of antibody. Table 3 also includes a checkerboard TABtB 3
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Lansing 8, 1st NaCl extraction titration of the second NaCl extraction of the Lansing 8 antigen. The titer of the serum was higher when we used undiluted serum, or a l-in-2 dilution of this extraction as compared with the first NaCl extraction, even if an optimal dilution were employed for the latter. Due to the fact that the antigen is procomplementary, one might possibly explain the higher serum end points by a less procomplementary action of the diluted antigens. However, actual experiments showed that the procomplementary activity was the same for both extractions and also for dilutions up to 1 in 4 or 1 in 8 (table 1) .
The specificity of the reaction. A great many antigens and sera with necessary controls have been tested. Nine different lots of Lansing antigen were prepared. In addition, antigens identical to the above were prepared with normal uninfected baby cotton rat brains and with baby rats infected with the GD VII strain of mouse encephalomyelitis virus. Table 4 shows the results of such complement-fixation tests. The high end points achieved with dilutions of immune sera served to indicate that high titers of antibody could be obtained with the acetone-ether extracted baby cotton rat antigens, whereas the low dilutions showed no cross reactions between the Lansing and Brunhilde strains of poliomyelitis or the GD VII virus. The test with the Brunhilde type of hyperimmune monkey serum indicates that the result was type-specific, i.e., the Lansing antigen only fixed complement in the presence of the Lansing type immune serum. It should be mentioned that the cotton rat sera were slightly anticomplementary. This may account for the slight degree TABUS 4 of nonspecific fixation of complement by the normal cotton rat brain serum. Otherwise, the specificity of the reaction has been clearly manifested.
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Relationships between neutralizing and complement-fixing antibodies Monkeys. Having an effective means for an in vitro titration of Lansing immune sera, the next important step was to find out whether the complement-fixing antibodies followed the neutralizing antibodies. Fortunately, sera from 3 monkeys which had been immunized with active Lansing poliomyelitis virus and tested for neutralizing antibody against 10 PD B0 of homologous virus were available from a study by Morgan (8) . After a course of intramuscular vaccinations, the monkeys had been bled at 2-month intervals for over a year. At the end of the year they received a single booster dose and three additional bleedings were made during the following 5 months. The schedule of the injections into the calf muscles has been given in Morgan's paper (8) but is recapitulated in the footnote of table 5. While Morgan's observations were made on unheated sera, the complement-fixation tests were carried out with sera heated for one-half hour at 56 C. All titers are reported as the inverse logs of the serum dilution. Table 5 shows a relationship between the titers obtained by the two methods. "When the neutralization titer was high there was also a positive complementfixation test; furthermore, the complement-fixing titer decreased and disappeared as the neutralizing antibody titer dropped. The data, however, seemed to indicate that there was no proportionate decrease. The comple-ment-fixing titer decreased sooner than the neutralizing antibody titer. The complement-fixation reaction was negative ( < 0.6) when the neutralization end point was in the range of 1.5 to 2.4. In the range of neutralizing end points from 2.5 to 3.5, the complement-fixation titers exhibited considerable variation, but the test was almost always positive (11 out of 13). As a rule, the complement-fixation serum titers were rather high shortly after vaccination, i.e., 1 to 4 weeks after the injections. Thereafter, they decreased during the subsequent 1 to 3 months and the test became negative, although the neutralization titers remained relatively high. However, the in vitro test was always well above the minimum levels with neutralization titers above 3.1 In several instances complement-fixation titers ranging from 2.1 to. 2.7 were recorded. The reproducibility of the neutralization test has been subject to considerable investigation (11, (13) (14) (15) . On the basis of 10-fold dilutions, with 8 mice to a dilution, the standard error is about 0.2 to 0.4 log. As yet there are insufficient data to estimate the reproducibility of the complement-fixation reaction.
Man. It would obviously be of the utmost importance for both investigative and diagnostic work in the poliomyelitis field if the complement-fixation reaction could be employed as a means for the detection of Lansing antibodies in human sera. Experiments have been carried out by using the acetone-ether treated brain material from infected baby cotton rats. The results which were obtained seemed rather promising, if not entirely conclusive. Sera obtained from 14 individuals were studied. Five specimens were secured from infants 1 year of age, and the remainder of the sera were collected from adults. The sera were inactivated in parallel at 56 C for one-half hour and at 63 C for 3 minutes, as recommended by Casals (9) . Preliminary tests with monkey immune sera indicated that no decrease of the antibody level occurred by heating at 63 C as compared with the 56 C inactivation. Each of the human sera was tested against different lots of antigen. The results are shown in table 6. The infant sera turned out to be negative for complement-fixing antibody although, undiluted, they all exhibited a slight neutralizing power. The 50 per cent titers were in the range from 0.3 to 0.7. One would presume that the correlation between neutralizing and complementfixing antibodies, which was observed for monkey sera, also would be observed for human sera. If so, one would not expect the in vitro reaction to give positive results. On the other hand, the sera from all of the adults showed posi-tive complement-fixation reactions. The majority had high or moderately high neutralization titers, suggesting a relationship between the amount of neutralizing antibody and also complementfixing antibody. Two of the adult sera (WM and HH), however, had neutralization titers of 0.5 and 0, respectively, yet showed more than minimal complement-fixation titers. The first of these sera was tested repeatedly with different lots of antigen, and the complement-fixation reaction always turned out positive. It should also be mentioned that while the titers of sera heated at 63 C and 56 C were essentially the same in parallel experiments, the titer of the WM serum heated at 63 C was definitely higher than that obtained for the same serum heated at 56 C. So far, no explanation can be offered for this finding. It should be mentioned also that the in vitro reactions with human sera were performed on different occasions with different antigens and the titers are not directly comparable. So far, we have had no opportunity to follow patients through a longer time interval, and actually we do not have any accurate quantitative information regarding the correlation between the two types of antibodies in human sera.
DISCUSSION
The experiments carried out with baby eotton rat brain tissue were started because of the fact that cotton rats are very susceptible to the Lansing virus of poliomyelitis.
Even intraperitoneal, submueosal, or intracardiac injections of the virus occasionally cause infections in adult animals (16) . It has also been reported (17) that baby cotton rats are much more susceptible to extraneural inoculation of the virus than are adult rats. Having these reports in mind it occurred to us that the use of Lansing infected baby cotton rat brain tissue might work just as well, or better, than the baby mouse antigen in the complement-fixation test described by Casals and coworkers (3) . This has been shown to be the case.
The baby cotton rats are rather large in comparison to baby mice. While the average weight of the baby mouse brain and spinal cord is 0.26 grams, the weight of the baby cotton rat brain is approximately 0.6 grams. Thus, relatively fewer animals are required to make up a pool sufficiently large for the preparation of antigen. Because of the ease with which the baby cotton rat brain can be removed, additional time and labor may be spared in preparing the antigen. More important is the fact that the virus need not be adapted to the baby cotton rats. While antigens prepared from adult cotton rat infected brains failed to fix complement, the first passage material from baby cotton rats was found to be effective. However, no adequate comparison of the antigens from different passages has been made. It is worthy of note, however, that the titer of the virus was about 10-fold greater in the baby cotton rats than in the adult rats. This may account for the failure to get positive results with the adult brain antigen.
The preparation of the antigen was based upon Casals' method. However, the final dried powder of the acetone-ether treated brain tissue was ground carefully with saline in a mortar. By means of this procedure a fine suspension of the powder was obtained. The antigen was procomplementary when the complement titrations were carried out with 0.85 per cent saline as a diluent. When the same titration was carried out with the veronal-bicarbonate buffer as diluent, a slight but consistent anticomplementary action was
